A B S T R A C T Data Envelopment Analysis (DEA) is a well-established, popular, and often used method for efficiency evaluation of units from all sector, both commercial and nonprofit organisations, of any scale of operations. Network DEA models are a relatively recent approach used to examine the efficiency of decision-making units (DMUs) having an internal structure of sub-processes. The article presents the concept of DEA network models in estimating the efficiency of courier and messenger companies with relations to their business clients. The considerations are supported by an example of data concerning leaders from the sector of couriers and messengers in Poland and one of the biggest and most popular online stores. The results are compared with the traditional DEA approach. In addition, to measure reliability for DEA scores, the jackknife procedure was performed. The author proves the usefulness of network DEA as a research and management tool. K E Y W O R D S courier and messenger companies, network DEA, efficiency, evaluation
Introduction
Increased market competition, changing customer requirements and the provisions for the management of product lifecycle mean that many companies are searching for new operational models. To a great extent, this process applies to logistics systems in companies. A growing number of firms focus on their core competency and begin to outsource the logistics activities, contributing to the increasing popularity of third-party logistics (3PL) and fourth-party logistics (4PL) services. It is worth emphasizing that in many cases the operational efficiency of the chosen logistics system can be the factor that determines the competitiveness of a company. Data Envelopment Analysis (DEA), since its introduction, has become widely used for measuring the efficiency of logistics providpages: [50] [51] [52] [53] [54] [55] [56] [57] [58] Economics and Management ers as well as whole logistics systems. The following section of the article provides some literature that supports this statement. The article focuses on the efficiency of courier and messenger companies. A case study includes the courier market in Poland.
Literature review
Based on a literature review on the subject of the application of the DEA method in logistics, it can be noticed that the majority of the publications focused on the comparative efficiency of enterprises providing logistics services. Among others, DEA was used for benchmarking of the operational efficiency of major 3PLs in the USA (Min & Joo, 2006) . The proposed approach allowed to evaluate the prioritization of the use of financial resources and identify the potential cause for inefficiency. According to the researchers, DEA measures the operational efficiency better than traditional financial ratios, such as return on investments or assets.
There were also assessments of substantial components of supply chains and logistics operations. The work by Johnson & Mcginnis (2011) evaluating warehouses can serve as an example. According to the researchers, financial indicators, for example, revenue related to cost, are not fully appropriate because warehouses function to support the supply chain rather than generate revenue. Moreover, the settings and the general economic conditions of the warehouse owners have the major impact on the costs of the resources used by each warehouse. Researchers reviewed the literature on warehousing performance assessment and proposed the two-stage method that consists of estimating the efficiency in the first stage using DEA and identifying contextual variables correlated with high efficiency in the second stage using a regression model. The data were collected via the iDEAs-W website (http://ise.tamu.edu/ideas/). DEA found to be a useful method to evaluate both individual warehouses and groups of warehouses and to identify the operational policies, design characteristics and attributes correlated with technical efficiency.
Another example is a comparative analysis of the efficiency of Chinese and Korean major container terminals from the list of world top container ports published in 2010 Lu & Wang (2012 . According to the work, DEA provided a more appropriate benchmark with insights into resource allocation and optimization of the operating efficiency, helped to identify the returns to scale and the potential areas of improvement for inefficient terminals. Empirical results derived from DEA revealed that substantial waste exists in the production processes in the world's leading container terminals.
In addition to publications that treat companies or logistics departments as 'black boxes' where inputs are transformed into outputs, recent trends tend towards the analysis that looks inside the organisations using the network DEA approach. The network DEA considers the existence of several stages, each of which consumes its own set of inputs and produces its own set of outputs, in addition to consuming and producing intermediate products. One of the first works introducing and popularizing the network methodology were Färe & Grosskopf (2000) and Lewis & Sexton (2004) . The first paper provided the general framework of the network DEA model. Lewis & Sexton (2004) presented some theoretical properties of the network DEA model and applied it to major league baseball. Kao (2014) conducted a comprehensive review of studies related to network DEA with regard to both the models and structures examined. Cook & Zhu (2014) provided a complete source for the state-of-the-art DEA modelling the internal structures and network DEA.
In the field of logistics, the advantages of network DEA were used in attempts to measure the performance of supply chains. Due to the network nature of many supply chains, DEA seems to be a suitable tool for the analysis of comprehensive supply chains. Zhu (2003) presented a DEA-based supply chain model with four echelons: suppliers, manufacturers, distributors, and retailers to measure the efficiency of both the supply chain and its members. A provided numerical example in Microsoft Excel yielded a set of optimal values of the intermediate performance measures and indicated that two supply chains might have different input-output mix, and both might be efficient. Liang et al. (2006) developed several DEA-based approaches for characterizing and measuring supply chain efficiency when intermediate measures are incorporated into the performance evaluation. The models were illustrated in a hypothetical seller-buyer supply chain context when the relationship between the seller and buyer is treated as leader-follower or is cooperative. Chen et al. (2006) investigated the efficiency game between two supply chain members: a supplier and a manufacturer. They developed two efficiency functions for the supplier and the manufacturer and showed that numerous Nash equilibriums efficiency plans exist for the supplier and the manufacturer. Chen & Yan (2011) established the network DEA model for the efficiency evaluation of two stage supplier-manufacturer supply chain. Three theoretical network DEA models were introduced to the concept of centralised, decentralised and mixed organisation mechanisms. In a centralised control mechanism, the supply chain is supervised by a single decision maker who can arrange the supplier and manufacturer operations to maximise the whole supply chain efficiency. In a decentralised organisation, each of the division has its own missions and strategies. The conducted analysis proved that only for the centralised control mechanism it is possible to take the internal structure of supply chain as a 'black box' when evaluating the performance. Wong & Wong (2007) adopted two DEA models (technical efficiency model and cost efficiency model) to measure internal supply chain performance. The output and input variables used for analysis were respectively revenue, on-time delivery rate and cost, internal manufacturing capacity, and cycle time. The concept integrates elements of the supply chain and evaluates them as one system. However, in contrast to the above-mentioned works, the proposed DEA-based approach was confirmed by a real data set from companies operating in the semiconductor sector of Malaysia. According to the researchers, the information obtained from the DEA models could help managers identify the inefficient operations and take the right remedial actions for continuous improvement.
The supply chain efficiency measured by the application of DEA was also presented by Mishra (2012) . A case study included 29 enterprises from the pharmaceutical industry of India. Eight inputs (internal manufacturing capacity, supply chain cost, working capital, invested capital, the number of employees, wages to workers, material consumed and fuels consumed) and two outputs (net value added and net income) were considered. The obtained results indicated the scope for improvement of the pharmaceutical companies. Momeni et al. (2014) took into account that the input and output data in real-world problems are often imprecise or ambiguous and proposed a fuzzy network slack-based DEA model for evaluating supply chain networks with imprecise data and reverse logistics. A case-study was presented to demonstrate the applicability of the proposed model in evaluating the procedures of a supply chain in the semiconductor industry.
More awareness of the environmental damage caused by human activities, and increased attention towards the environment, resulted in the development of a methodology for assessing eco-efficiency in logistics networks.
Quariguasi Frota Neto et al. (2008) reviewed the main activities influencing sustainability in logistics networks and developed a framework for the design and evaluation of sustainable logistics networks, in which profitability and environmental impacts are balanced. The technique was based on the commonalities between DEA and multi-objective programming. They illustrated the approach in the European pulp and paper sector.
To sum up the brief review of the literature on DEA in logistics, DEA proved to be a reliable, flexible and efficient tool for measuring the performance of both supply chain members and the entire supply chain systems. However, because of unavailability of data in many organisations, the complex considerations of supply chains are impossible and necessarily limited to the context of direct relationships of selected tiers of the supply chain and its members.
Courier and messenger companies in Poland
The sector of couriers and messengers in Poland is growing very rapidly. In 2014, courier companies provided 171.61 million of units of service and achieved the revenue of PLN 2462.65 million. For comparison, 2013 saw 132.46 million of units of service provided and PLN 2176.12 million in revenues earned. That gives an increase of 29.5% in terms of the volume and 13.1% in terms of the revenue. The development of the courier sector is linked to the market of e-commerce, which in Poland continues to remain at the early stages of expansion if compared to the level of e-commerce in the Western Europe despite its rapid growth that has been taking place for some years (Report…, 2014; Report…, 2013) .
There are approaches to assess courier companies in Poland using the DEA, for example Kozłowska (2014) but the reliability of the comparison can be questioned due to arbitrary rather than a homogeneous set of data, including companies with a different core business, despite the same PKD (Polish Classifi-cation of Activity) number. First at all, nine service providers of the courier sector in 2014, the largest in terms of volume and revenue, had the share of 84.63% of the total volume and the share of 94.62% of the total revenue generated from the provision of courier services (Report…, 2014) . Traditionally, a courier is associated with the part of the delivery system that connects a retailer and a customer. However, in 2012, every third company in the European Union had something to do with electronic shopping. Polish companies exceeded the thresholds of 20% but ranked far below the EU average. In 2013, compared to the previous year, the percentage of firms ordering goods and services via computer networks increased by 2.4 percentage points and amounted 23.6%. Electronic commerce became the most popular among big companies involved in computer and communication equipment repairs as well as information and communication (The information society …, 2014). However, services provided by external couriers mostly form the basis of logistic systems used by micro and small enterprises. The hypothetical system that consists of two members, i.e. a courier and another enterprise, is the subject of the analysis presented in this paper. Source: on the basis of (Report…, 2014; EMIS).
Research method for evaluating courier and messenger companies
Firstly, the traditional DEA model to measure the relative performance of courier companies was applied. The analysed process included transforming two inputs in the form of a payroll plus social security and other benefits as a measure of labour costs and other operating expenses into output -the total operating revenue ( Fig. 1 ). In the opinion of the author, labour costs are a better reflection of labour use in a company rather than the number of employees, even if converted into full-time jobs. Labour productivity determined by the level of employment only partially expresses the personal abilities of employees and the intensity of their effort. Rather, it reflects how effectively their work is combined with other input factors in the production process. The chosen solution, to a greater extent, reflects the degree of the use of available resources and qualifications of employees. Still, the solution has some flaws. First at all, it is a derivative of the local labour market conditions and is associated with regional differentiation of salaries. Moreover, it contains additional costs, such as severance pays for dismissed employees, which are not directly associated with processes of the production/ services. network processes, the outputs from one stage become the inputs of the next stage and other inputs can enter the process at each intermediate stage.
Moreover, there usually is a conflict between chain members' interests. First member's objective to maximise, for example, the revenue can at the same time be the minimisation of costs for the next member. In order to evaluate courier and messenger companies, the following model presented in Fig. 2 was applied.
Presented in Fig. 2 , the two-stage network structure with additional inputs to the second stage can be estimate by following equations adopted from Zhu (2003):
The model (2) integrates the efficiency of each stage in the network via geometric averages. In the article, the models to obtain the efficiency scores were solved in Microsoft Excel, using VBA programming to automate it.
Figs. 3 and 4 illustrate potential extensions of the presented and empirically applied two-stage model.
The basic two-stage DEA model can be simply extended to the structure: producer-courier-another enterprise, as shown in Fig. 3 . The interesting approach Liang et al. (2011) is the proposal to include the feedback to the serial network process. Fig. 4 presents the situation where the output from the second stage can be fed back as the input to the first stage.
Since DEA is a non-parametric method, changes in the data set may highly affect the final results. The reliability of DEA scores can be measured alter- Source: adopted on the basis of (Cook & Zhu, 2014) .
Fig. 3. Tree-stage process
Source: adopted on the basis of (Cook & Zhu, 2014) .
natively by the bootstrap technique or jack-knife procedure. In this work, because the sample set is small, the author proposes examining the sensitivity of DEA efficiency scores by the jack-knife procedure. Jack-knife is a resampling method that uses a subset of available data. The procedure involves the repetition dropping one DMU and using the remaining data to compute DEA scores. To test the robustness of DEA by jack-knife, it is enough to exclude only efficient units. The standard deviation of obtained efficiency scores provides information, for example, on the presence of outliers.
Result
The data about the courier companies for the analysis was collected from EMIS database. The hypothetical chain that consists of two types of members, i.e. leaders of the sector, is listed in Tab. 1. The bigger enterprise in the electronic shopping sector, that does not have stationary shops (Bonprix Sp. z o.o.) and has fixed values of profit of 56.89, operating expenses of 614.82 and the payroll of PLN 16 628 mln was the subject of analysis of this paper. Efficiency ratios relating to courier companies that evaluate how they transform operating costs to revenue and efficiency ratios relating to courier companies as members of chains differ significantly (Tab. 2). The efficiency of the second member of the chain (another company) was equal to one due to assumptions of the fixed values. The frontier plot and selected inputs and outputs of courier companies included in DEA are illustrated in Fig. 5 . While analysing the efficiency of courier and messenger sector, it can be said that the average efficiency equals to 0.88 and is highly prevalent among the leaders of the sector. Additionally, it can be noticed that this set is highly homogeneous. Two companies are fully efficient: GSL and UPS. Not fully efficient companies should reduce their payroll (from the range of 0 to 45%) or/and increase their revenue (from 0% to 38%). In other words, compared to the best, there is the surplus in spending and deficits in results and, thus, it is possible to improve the efficiency. The evaluation of the systems (courieranother enterprise), where the outputs from one stage become the inputs of the next stage and other inputs are entered, is not as positive. The resulting scores are lower and vary between objects from 0.53 to 0.86.
It is obvious that improvements of individual chain members do not lead to the improvement of the chain as a whole. The compatibility of the ranking of
Economics and Management courier companies and ranking of the analysed chain is -0.64, as measured by the Spearman rank correlation.
The jack-knife procedure for checking the stability of the results that involve the exclusion of the efficient units moved the frontier, which could have been expected, and improved the average efficiencies. The new alternative efficiency frontiers are illustrated in Fig. 5 . Detailed numerical results are presented in Table 3 . Table 3 also summarises the results of the evaluations of the system in the case of removal of efficient units. All calculations were made in Microsoft Excel using Solver Add-in. Implemented jack-knife procedure resulted in very slight changes, of course, on the positive side. Assessing the market of courier leaders with the exception of the best, resulted in the emergence of new leaders. This time they were: Siódemka, TNT and Federal. Similarly, the assessment of the designed logistics system also showed a surprising lack of sensitivity to the modification of the analysed set. In summary, a very limited assessment of courier and messenger companies using the DEA method seems to be a valuable alternative to the conventional analysis based only on financial indicators. The reliable, accurate evaluation of individual system components as well as the overall system should be the basis for managerial decision-making. Especially in the face of customer expectations conflicting with the pressure to earn profit. In the article, due to the hypothetical nature of the relationship, the derivation of conclusions and implications was abandoned.
Conclusions
Self-service transport and forwarding or the engagement of specialised external companies are questions asked by an increasing number of small, medium and large companies. This article does not provide answers on the best business model. It only shows and discusses an alternative, compared to traditional financial indicators, which is an approach for the assessment of the efficiency of courier companies. In contrast to the traditional performance measurement, which uses sets of single indicators and compares one output to one resource, DEA considers simultaneously multiple inputs and outputs that are correlated. The key issue is the selection of appropriate input and output variables. The article takes into account such indicators as: operating expenses, payroll plus social security, total operating revenue and payroll, operating expenses and profit of the company using the services of couriers. This choice of indicators was related to the availability of data. However, it is worth noting that in addition to the price of services translated into the cost/profit in the logistics system, an increasing popularity is gained criteria, such as the quality treated as the reliability, speed, delivery in a specific, narrow range of time, IT innovations that enable the monitoring and modification of the delivery on any stage of service or complexity of services, including, for example, packaging. Increasingly more attention is given to such issues as ecology in the transport sector and not only the C0 2 emissions but also organic and recyclable packaging.
DEA can be used in each case to evaluate DMUs on any selected criteria. The only limitation is the availability of relevant data describing the set. While selecting the criteria analysis, it should not be forgotten that it should be based on a thorough understanding of the fundamental economics relations.
